Introduction
There have been several studies in search of a better understanding about the characteristics of the shoes and the consequences of their use for the locomotor system as well as the search of technological innovation which encircles the processes, development and production. The footwear industry is constantly looking for technological innovation in order to add value to the product and supply the deficiency in competitiveness on the domestic/foreign market. Therefore, companies come up with several models (designs) of shoes with a particular function/ purpose. However, often the shoes with a particular function do not have the performance for which they were designed. With these shoes, whether performance or casual shoes, there is a necessity to verify the execution in order to analyze the performance. In this sense, one can relate that the footwear used by individuals often does not have the necessary comfort for the development of daily activities (1) .
According to Melo et al. (2) , depending on certain factors, such as footwear is designed/produced by the manufacturer will affect positively or negatively the health and performance of the individual. An example can be cited by Hennig (3) , that the highheeled shoes can cause damage to the spine, knee problems and even the shortening of hamstring and gastrocnemius muscles. Besides that, the author states that with the shortening of the leg muscles posterior, there is an increase of incidence of sprains and fractures at the ankle and foot. As for Freitas et al. (4) , the use of inappropriate footwear can cause alterations in the musculoskeletal system, in which the following stand out: postural changes, which provide certain structural adaptations of the skeletal system; predisposition for muscle injuries; pains in the spine due to the decrease of the normal curve of the lumbar lordosis; pelvic tilt and development of degenerative processes. Great part of the shoes is considered stable, for example, walking shoes, running, etc. However, the use of a stable shoe might contribute to the reduction of the performance of a muscle group over time (5) . Unstable shoes can be used for various therapeutic purposes, such as back pain, osteoporosis, arthritis, flat feet, heel spurs, hallux valgus, circulatory problems (mellitus diabetic), injury rehabilitation in the lower limbs, among others (6, 7). Miller et al. (7), compared two groups and some wore the unstable footwear Kangoo Jumps and others conventional shoes during the running and walking. The subjects underwent a 12-week training period and the group that wore conventional shoes showed incidence of injury when compared with the group that wore Kangoo Jumps shoes. Related injuries were: pain in the tibialis anterior muscle, plantar fasciitis, ankle sprains, among others. In contrast, 58% of subjects who wore Kangoo Jumps presented pain in the plantar arch and 30% presented superficial lesions in the skin tissue, such as blisters.
In the shoe structure, for example, the sole has a determining function to absorb the impact and return energy during movement. The unstable footwear used in this study has the sole geometrically similar to Masai Barefoot Technology (MBT) shoes, i.e., with rounded sole in the anterior-posterior direction providing instability during movement. The main objective of the material used in the manufacture of soles is the reduction of impact forces, considering that, during the impact the collision between the foot and the ground generates a shock wave that is transmitted to the musculoskeletal system. This shock wave has a magnitude between 5 and 15 times the acceleration of gravity in the lower limbs and is attenuated to 1 up to 3 times the acceleration of gravity in the head area (8, 9) . The impact forces and shock waves are influenced by the subject's weight, speed, kinematic arrival of the foot to the ground, the footwear and surface properties, among others (10, 11) . Some studies analyzed various methods and materials for determining the shock absorption during gait (10, 11, 12) however, studies have been found (10, 11, 13, 14, 15, 16, 17, 18, 19) which used the rate of loading, first peak force and temporal variables of the vertical ground reaction force to compare/analyze shoes or parameters during gait. Currently, there are several studies focused on minimalist shoes, leaving aside the unstable shoes. In this sense, the study of Amadio and Duarte (9) analyzed that the incidence of lower limb injuries has remained very low in populations that do not have the habit of using any type of footwear, and also, comparing to places where populations who wear footwear coexist, a higher incidence of injury can be seen. The authors' hypothesis was that there would be adjustments related to the activities carried out without the use of footwear, which would provide shock absorption and protection against injury associated with running, wherein the stiffness of the foot/ shoe would explain the high incidence of injuries in the lower limbs (20) .
In Brazil, the concern with the quality of footwear resulted in the creation of standards to evaluate the comfort of the shoe in 2002 (21) . The set of norms, whose responsible body is the Brazilian Association of Technical Standards (ABNT), consist of tests and parameters associated with biomechanics which allow us to differentiate the footwear and quantify its comfort. Some important parameters for the comfort of the footwear can now be evaluated according to Brazilian standards, for example the absorption of impact by vertical ground reaction force during gait, plantar pressure distribution, pronation angle, among others. These assessments have been applied to all types of footwear, for example, casual, sports footwear, also covering safety shoes and women's high heeled shoes. Nevertheless, there is a lot to study due to modifications and improvements of such norms, which tend to specialize according to the type of footwear, its characteristics and specific purposes. Currently at the shoes store there are different kinds of shoes and models with different features. A wide variety of materials to absorb the impact has been incorporated into the damping system in running and walking shoes, these include elastic and viscoelastic polymeric foams, air, gases, gels, fluids, composites and molded springs, among others (22) . Furthermore, it is possible to check that there are few studies focused on unstable shoes. However, a large number of practitioners of physical activity with the unstable footwear used in this study was observed, in which walking, running and jump stand out.
Therefore, the importance to search for biomechanical knowledge, development, production and evaluation of unstable footwear is evident. Thus, the need for this study, which aims to analyze the behavior of the vertical ground reaction force on women in barefoot conditions and with unstable footwear during gait.
Methodology
The study included five female subjects who were recruited by non-probabilistic process of the intentional kind, and all subjects had not previously worn the unstable Kangoo Jumps shoes. The participants were aged (25 ± 4) years; Mass (50 ± 8) kg. Individuals who had a history of injury or neuro-musculoskeletal changes were excluded and/or submitted to orthopedic/neurological procedures in the last two years. Shortly after the statement of the protocol, subjects signed the informed consent approved by the ethics committee of Feevale under No. 252,964. The procedures for data acquisition were: research subjects walked on a walkway of 10 meters, which was secured on the ground to the force platform (model OR67-2000 -AMTI, the sampling frequency was 2000 Hz). Speed control was used indirectly, i.e., the time of each acquisition was measured through photocells placed 3 meters apart. The 10 trials were considered valid for every situation in which the subject approached the platform with the right foot at the speed of 4 km/h ( 5%) (23) . The situations for data acquisition were: barefoot and with unstable Kangoo Jumps shoes, the situations for data acquisition was randomized. The unstable footwear has the sole with a rounded shape, as shown in Figure 1 . According to the manufacturer, the Kangoo Jumps shoe absorbs 80% of the impact (24) . Prior to the data acquisition the subjects went through an adjustment period with unstable footwear of approximately 5 minutes.
showed that there is a statistical difference between barefoot situation compared to the unstable footwear (p = 0.049). In the study by Santos (25) the results meet this study's results, however, the work by Clarke et al. (26) which examined footwear with compressed air bubble found higher values (1.99 BW ± 0.21BW) than this study. It is believed that the first peak force value of Kangoo Jumps shoes may be related to the stiffness of the spring secured to Kangoo Jumps midsole when compared with the barefoot situation in which the foot presents the fat pad as one of the damping systems during gait. The variables used in this study were: First Peak Force (FPF); time of first peak force (tFPF); Second Peak Force (SPF); time of the Second Peak Force (tSFP) and rate of loading of the vertical ground reaction force during walking. The rate of loading was determined by the first derivative of the vertical ground reaction force comprised within the range of 10 to 20% of FPF (10, 23) . Data processing was by Matlab ™ codes wherein the raw data were filtered with a low pass filter (4 th order Butterworth filter, cutoff frequency of 70 Hz) (10) . To determine the differences between barefoot and the use of footwear situations among the variables, it was determined with Student's t-test with significance level of 5% by SPSS ™ software.
Result and discussion
Using Figure 2 , it was found that FPF was higher for the footwear situation compared to barefoot, approximately 5% higher. Statistical comparison Another very similar study (19) compared the kinetic variables of 8 female subjects for situations: barefoot, sneakers and sandals in self-selected speed. The authors found for the first peak force significant and superior values (barefoot (1.09 BW ± 0.06BW) Sandal (1.18 BW ± 0.07 BW)), Sneaker (1.14 BW ± 0.05BW) when compared with the results found in this study. It is believed that this difference in numbers may be related to the speed of the subject, since the kinetic variables are influenced by the speed during locomotion (27, 28) . Also in this sense, the study by Newton et al. (29) which compared Kangoo Jumps shoes with conventional shoes, the authors found similar values of force peak between the Kangoo Jumps (2.85 BW ± 0.37 BW) and sneakers (2.62 BW ± 0.21 BW) while jogging.
In temporal comparison between situations (Figure 3) , it was observed that the situation with footwear presented a longer period compared to barefoot, approximately 16% longer for the footwear. It is also believed that in the situation with footwear being longer may be related to the spring deflection in the central region of the sole which has the function of absorbing the impact force during the first phase of the gait and returning it during the second phase of the gait (propulsion phase). As for statistical comparison, there was no significant difference in the time of the first peak force between situations.
During the propulsion phase during gait as shown in Figure 4 , a higher peak in barefoot situation was observed when compared to footwear, about 6% higher, respectively. This difference may be related to the return energy of the sole since the deformation of the spring occurred during the impact absorption stage and it is believed that this energy will be returned during the propulsion phase (11) . As for statistical comparison, the statistical difference between the situations for the second peak force (p = 0.033) was observed. Sacco et al. (19) , also found a significant difference for the second force peak between the barefoot and with shoes situations (barefoot (1.06 BW ±0.06 BW) sandal (1.09 BW ±0.07 BW)) sneakers (1.07 BW ± 0.05 BW) (p = 0.0162). Stolt et al. (32) also found lower value in the second force peak in the barefoot condition (1.10 BW ± 0.05BW) compared to the situation with footwear (1.11 BW ± 0.04 BW). However, in this study it was possible to observe that the barefoot situation was higher when compared to the footwear situation (Figure 4) , diverging from the values found by Sacco et al. (19) and Stolt et al. (32) . (31) evaluated running shoes with different hardnesses in midsole and, found greater magnitude of the first vertical peak force on the footwear with greater hardness in comparison to the lower hardness shoes and the time to reach the first peak was higher for the softer footwear. It is believed that the results of Figure 3 for the footwear situation may be related to the modification of kinematic motion, i.e., there is a change in the pattern of motion when the subject uses unstable footwear (6) . Whereas Newton et al. (29) found the time of peak force about 25% higher for footwear Kangoo Jumps compared to conventional shoes.
In relation to the time values of the second peak force during movement ( Figure 5 ), there was a higher temporal variation comprehended between the shoe contact on the ground to the maximum propulsion peak, higher for the footwear situation, i.e., a delay of approximately 11% occurs, higher when subjects wore the footwear during the phase of propulsion. In statistical comparison of the second peak force, assessed. Sacco et al. (19) , on the other hand, did not find significant differences in the situations (barefoot, sandals and sneakers) in the rate of loading. According to Palhano et al. (13) and Nigg (11) , the impact force is an important variable for the etiology of injuries in athletes. According to the authors, the physical/mechanical properties of the design and the sole influence the absorption of impact force, i.e., the rate of loading.
Conclusion
Through this study, it can be concluded that in the comparisons between the barefoot and unstable footwear use situations, there is a significant difference between the situations for the first peak force, second peak force and the variation in time of the second peak force. In the first force peak variable there is an increase of 5% when subjects wore the Kangoo Jumps footwear. It was also observed that the shoes presented low impact absorption during gait, about 45%. It was also observed that there is a lack in literature on the subject and the continuation of this study with other variables to obtain reliable results is necessary. Looking at the rate of loading that is first derived comprehended between 10 to 20% of first peak force during gait. As expected, the highest rate of loading, i.e., the highest slope of the curve occurred for barefoot situation (46.71 BW/s ± 9.65 BW/s) compared to footwear (25.79 BW/s ± 17.94 BW/s). Equating situations, it was observed that footwear absorbed 45% of the impact force during movement, deviating from that presented by the manufacturer. However, the manufacturer does not say how the impact absorption rate was determined. Even so, in a similar study Newton et al. (29) , found through the thrust between the contact of the foot on the ground up to 50 ms of the stance phase approximately 47% lower than the impact of the Kangoo Jumps shoes, related to conventional shoe during jogging, meeting the results of this study. Crowell et al. (33) through visual feedback led the study participants, during the running, to reduce the impact. In the rate of loading values, it was observed that the values found in this study are close to those by Santos (25) for footwear situation in which two types of women's shoes were 
